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© Composition for forming calcium phosphate type hardening material and process for producing 
such hardening material. 

© A composition for forming a calcium phosphate type hardening material comprising (1) powder comprising at 
least one of a-tricalcium phosphate and tetracalcium phosphate, (2) an acidic aqueous solution, and (3) a 
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COMPOSITION FOR FORMING CALCIUM PHOSPHATE TYPE HARDENING MATERIAL AND PROCESS FOR 
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FIELD OF THE INVENTION 



BACKGROUND OF THE INVENTION 

Calcium phosphate compounds, in particular hydroxyapatite. have an excellent biocompatible and 
f h»ir as hiomaterials in medical or dental fields has been widely investigated. 

SZ1 532 ^compounds other than apatite are known to be converted to hydroxy^ upon 
h„Hrnfvs s aJd « has recently been found that the hydroxyapatite so produced can be hardened under 
hydrolysis and it has «9W^ " Dnenomenon , several efforts have been made to use calcium 

SSSTSSr r ^SiTILl-i (as described, for example. Japanese Patent 

SSK'SSTJi 161206.87. ,82263/84 and 88351,84, (the term "OP." as used herein 

means an unexamined published Japanese patent application) rthrte r>h a t* 

S^aT ca^^ " -owed by »e ^ b-j-*- 

aM 5 00 f C A mixture SJSJtm phosphate and tetracalcium phosphate is prepared by finely gnnding 

Hon ?uch powders a hardening reaction therefore does not proceed uniformly and th.s results in a 
ZJnto mateS having a reduced strength. Furthermore, because of the high firing temperatures 
SmS Sfpowd^rejared by these conventional methods have low activity and suffer from such 
SS^iTTStaSd Hardening time and a decrease in the strength of the resulting harden.ng 

35 mat Sclu°m n pShati £SKSX by mixing them with a hardening solution. In order to ensure 
«nat^ XTnSeSa. will do no harm to body tissues, it is desirable for the m Mure to ave a low pH 
!nd MM hardening reaction will proceed in the neutral range. An aqueous solution of citnc acid has 
S^^TSLZd the best hardening solution capable of satisfying these requirements. However 
22 an muS. solution of citric acid still leaves room for improvement, especially when compared with 
Si rcJSrSSTiSLS^. been commonly used in the art. The considerable problem , is M a 
Sure of a cllcium phosphate powder and an aqueous citric acid solution is not h,gh.y plastic and cannot 
be readily formed into a desired shape. 

45 SUMMARY OF THE INVENTION 

An object of the invention is to provide an improved composition for forming a calcium phosphate type 
so hardening Sria. This composition employs a powder component which can be produced by any suable 
method allows a hardening reaction to proceed uniformly and thoroughly in the 
reSy shaped into a desired form by kneading operations, and produces a hardemng material wh.ch has 

^SSSSS T^JZ^Zr^e a process for producing such a calcium phosphate 
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type hardening material. 

Other objects and effects of the present invention will be apparent from the following description. 

As a result of various studies conducted in order to solve the aforementioned problems of the prior art. 
the present inventors have found that a mixture having good formability could be made from an ortricalcium 
5 phosphate and/or tetracalcium phosphate powder by using an aqueous acidic hardening solution containing 
a polysaccharide as a hardening solution. The present inventors also found that a hardened matenal of 
good quality could be produced from such a mixture. The present invention has been accomplished on the 
basis of these findings. 

The present invention provides, in one aspect, a composition for forming a calcium phosphate type 
to hardening material .comprising (1) a powder comprising at least one of a-tricalcium phosphate and 
tetracalcium phosphate. (2) an acidic aqueous solution, and (3) a polysaccharide which is preferably 
dissolved in the acidic aqueous solution. 

In another aspect, the present invention provides a process for producing a calcium phosphate type 
hardening material by mixing the powder (1) with the aqueous acidic solution (2). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a X-ray diffraction scan of the hydroxyapatite synthesized in Example 19; and 
Rg. 2 is a X-ray diffraction scan of the powder prepared in Example 19 in accordance with the 
present inveniton. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, o-tricalcium phosphate, tetracalcium phosphate or a mixture thereof is used as 
a powder component. Synthesis of a-tricaicium phosphate can be made by a known dry or wet process. 

30 Tetracalcium phosphate can be prepared by a known dry process involving the reaction between calcium 
pyrophosphate and calcium carbonate. The powder components prepared need not be completely pure and 
they may contain minor amounts of impurities which are generated during the synthesis. If a mixture of or- 
tricalcium phosphate and tetracalcium phosphate is used, their proportions are not limited to any particular 
values, and the two compounds may be synthesized separately and thereafter mixed in appropriate 

35 proportions. 

A mixture of a-tricalcium phosphate and tetracalcium phosphate which is preferably used in the present 
invention can be prepared by the step of calcining, at a temperature of from about 1.150 C to 1.450 C 
under reduced pressure, a hydroxyapatite having a molar ratio of Ca/P of about 1.8 or less and more than 
1.5 so as to produce a mixture of a-tricalcium phosphate and tetracalcium phosphate. 

40 In this method for producing the mixture using a reduced pressure, the hydroxyapatite having a molar 
ratio of Ca/P of more than 1.5 but not exceeding about 1.8 can be readily synthesized by a wet method. If 
such hydroxyapatite is calcined under reduced pressure at about 1.150* C or more, it is thermally 
decomposed to form a-tricalcium phosphate and tetracalcium phosphate in admixture. The resulting mixture 
is uniform in composition. Hydroxyapatite generally starts to be thermally decomposed at a temperature 

45 near 1.400" C if the pressure is atmospheric. In the method described above, the pressure is subat- 
mospheric, so the reaction of thermal decomposition is allowed to proceed at a fairly high speed even at 
the comparatively low temperature of about 1,150* C. This is beneficial to the purpose of simplifying the 
manufacturing steps and reducing the production cost The low calcining temperature offers the additional 
advantage of providing a highly active powder for use as a component in calcium phosphate type hardening 

so materials. * 

The hydroxyapatite used as the starting material in the method described above can be readily 
synthesized by a wet process in which an aqueous solution of phosphoric acid is reacted with a suspension 
of calcium hydroxide by a known method. The molar ratio of Ca/P of this hydroxyapatite must be more than 
1.5 and about 1.8 or less, preferably from about 1.6 to 1.8. If the molar ratio of Ca/P is 1.5. the product 

55 thus-obtained does not become a mixture but a-tricalcium phosphate per se. If the molar ratio of Ca/P 
exceeds about 1.8, calcium oxide which is deleterious to the human body will form during calcining. The 
Ca/P molar ratio of the hydroxyapatite used as the starting material can be adjusted by changing the 
proportions of calcium hydroxide and phosphoric acid which are to be reacted in the synthesis process of 
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the hydroxyapatite. By changing »e CjP -J ^tSSlSSSi' 
tricalcium phosphate and tetracalcium phosphate ^.^^J^fSSi hydroxyapatite is preferably 
After synthesis by a suitable mettod such as a wet gaSon or spray-drying, ft is also 

rendered in powder form by surtabl e means « mtrMoa a ^ 

decreased. ^, . rtDfl ,. nrifir reduced pressure is that the calcinating 

not exceeding about 1.8 can be used as a P^^SSnlly this mixture may be used as a powder 
and in the process for producing a harden*^ mtfend. fflnran (Handbook of Metal Surface 

for thermal spray as S^^^ Japanese Patent Applica- 

Treating Technology), pp. 1.132 to 1.138 1 (NiKKan granulated and fired at a temperature 

similar to the case of the hydroxyapatite. harrlpnin0 solution in the present invention may contain 

The aqueous acidic solut.cn for use " * •^'gjSS thereof include inorganic acids such as 
various inorganic and organic ^*^J£E£ZTJ^ acid. malic acid, malonic acid, 
phosphoric acid, and organ.c ac.ds such as "f"*""^' em invention . theS e acids are used 
30 succinic acid, giutaric acid, tarfcric ZTd wt% or more, more preferably 

in aqueous solution having acid " JSS acUlc solution is less than about 25 wt%. 

— witi not exhibit ,he desired 

^accordance with the present invenion. 

aqueous acidic solutions described -^£5 ^ ^an a^d starch" with chitosan being 

soiution and will not harm body * ss " es ;^ solutions in concentrations 

«^r«S:2S= rS^nC— is p.as«c enough to be readily 

formed into any complex shape. ^ »i dissohnng at 

«, The hardening reeclien can be atoned to, P^SJ^ , L gara lool»l in .he eqneoos sold* 
least one of glyeenn. a monosacchande. an °tt°"""°< ' » B les „ M gnoses. 

s*«on es th e harden* ' HL*h .SXeTin — e. fc-nplea „, Ihe 

^.neTr^;^ 

dissolving them in the aqueous acute ^ der component and the hardening 

JXSSSZEZ tZSZZZX J m - -at. » hyd-oiysis nee*n o, 
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a-tricalcium phosphate and/or tetracalcium phosphate, thereby producing hydroxyapatite to provide a 
hardening material. The powder component and the hardening solution are preferably mixed in such 
proportions that the ratio of the powder to the solution is within the range of from about 0.4 to 2.7 by weight 
more preferably from about 0.4 to 2.0 by weight If the ratio of the powder to the solution is less than about 
5 0.4, the solids content is too low to ensure desired strength for the hardened material. If the ratio of the 
powder to the solution exceeds about 2.7 t it becomes difficult to attain uniform mixing of the powder and 
the solution. 

The following examples are provided for the purpose of further illustration the present invention but are 
in no way to be taken as limiting. All parts, ratio and presents are by weight unless otherwise indicate. 

10 

EXAMPLE 1 



75 As aqueous solution of phosphoric acid was reacted with a suspension of calcium hydroxide by a 
conventional method. The reaction product was dried and calcined at 1.200* C to obtain a-tricalcium 
phosphate in powder form. Two grams of this powder was mixed with 1 g of a hardening solution prepared 
by dissolving 0.1 g of chitosan ("Flownak N n of Kyowa Yushi Kogyo K.K.) in 10 g of an aqueous solution of 
40% citric acid. A plastic gum-like composition was obtained and this composition hardened in about 7 

20 minutes to produce a hardening material having a high strength. 



EXAMPLE 2 
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An aqueous solution of phosphoric acid was reacted with a suspension of calcium hydroxide by a 
conventional method. The reaction product was dried and calcined at 1.200* C to obtain a-tricalcium 
phosphate in powder form. Two grams of this powder was mixed with 1 g of a hardening solution prepared 
by dissolving 0.1 g of chitosan and 3 g of saccharose in 10 g of an aqueous solution of 40% citric acid. A 
plastic gum-like composition was obtained and this composition hardened in about 10 minutes to produce a 
hardening material having a high strength. 



EXAMPLE 3 

35 

Calcium pyrophosphate was reacted with calcium carbonate by a conventional method, and calcined to 
obtain tetracalcium phosphate in powder form. Two grams of this powder was mixed with 1 g of a 
hardening solution prepared by dissolving 0.1 g of chitosan and 3 g of saccharose in 10 g of an aqueous 
40 solution of 40% citric acid. A plastic gum-like composition was obtained and this composition hardened in 
about 5 minutes to produce a hardening material having a high strength. 



45 



EXAMPLE 4 



a-Tricalcium phosphate and tetracalcium phosphate were prepared separately by conventional methods 
and mixed at a weight ratio of 2/1 to make a mixed powder. Two grams of this mixed powder was mixed 
with 1 g of a hardening solution prepared by dissolving 0.1 g of chitosan in 10 g of an aqueous solution of 
50 40% citric acid. A plastic gum-like composition was obtained and this composition hardened in about 5 
minutes to produce a hardening material having a high strength. 
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EXAMPLE 5 



t n nr»™ of the mixed powder prepared in Example 4 was mixed with 1 g of a hardening solution 
p^C^S ^ o«n id 3 g of saccharose in 10 g of an aqueous solution of 4B%o« 
J^p^lumi composition was obtained and this composition hardened ,n about 7 mmutes to 
produce a hardening material having a high strength. 
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EXAMPLE 6 TO 17 



Two grams of a powder (indicated in Table 1) was mixed with 1 g of a hardening so.ut.on Ondica^ed .n 
Table ?) Sar to the cases of Examples 1 to 5, piastic gum-like composes were c Waned and 
Lrdenmg materials having a high strength could be produced from the 

required for these compositions to harden are also shown ,n Table 1. in wh.ch a-TCP and COP denote « 
tricalcium phosphate and tetracalcium phosphate, respectively. 
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Powder 
composition 


Composition of hardening solution 
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Aqueous acidic 
solution 


Polysaccharide 
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concentration 


amount 
(9) 
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COMPARATIVE EXAMPLE 1 

45 

The same procedures as in Example 1 were repeated except that chitosan was not added to the 
hardening solution. The composition obtained was not plastic and had a deteriorated formability although 
the composition hardened in about 2 minutes. 



EXAMPLE 18 



55 An aquous solution of phospholic acid was reacted with a suspension of calcium hydroxide by a 
conventional method, and the reaction product was dried to obtain hydroxyapatite. The identity of the 
product was established by X-ray diffraction, the results of which are shown by an X-ray diffraction scan in 
Fig. 1. A chemical analysis revealed that the resulting hydroxyapatite had a Ca/P molar ratio of 1.67. 

7 
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underwent a hydrolytic reaction and hardened in about 1 hour. 
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EXAMPLE 19 
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4 c va mnio 1ft was mixed with hardening solutions (indicated in Table 2) at a 
;o*oJd W M .xoth.rn.lc rsscon ol M hrtrtng p^css. sr. sis. she* ,h TM 2. 

TABLE 2 
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Composition of Hardening Solution (wt%) 


Hardening 
time (min) 


Temperature 
(*C) 


Citric 
acid 


Glycerin 


Sorbitol 


Saccharose 






45 
45 
45 
45 
45 
45 
45 
45 


10 

20 
30 
0 
0 
0 
0 
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0 
0 
0 
10 
20 
0 
0 

° 


oooooooo 


0.75 

2 

8 

0.8 

2 

1 

2.8 
I 0.5 


55 
51 
45 
53 
51 
52 
49 
66 
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The mixture of a -trica.cium phosphate and tetraca.cium J^^^jJ^ ££5 £ 
a powder component. Two grams of this powder was m,x<K w* 1 I of . ^ J 

srrii ; f sot - — - — in - 2 

minutes to produce a hardening material having a high strength. 



COMPARATIVE EXAMPLE 2 
so e -- ,rsi» on wem reneated except that chitosan was not added to the 

the composition hardened in about 2 minutes. 
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EXAMPLE 21 



The mixture of a-tricalcium phosphate and tetracalcium phosphate prepared in Example 18 was used as 
s a powder component. Two grams of this powder was mixed with 1 g of a hardening solution prepared by 
dissolving 3 g of saccharose and 0.1 g of chitosan ("Flownak N n of Kyowa Yushi Kogyo K.K.) in 10 g of an 
aqueous solution of 40% citric acid. A plastic gum-like composition was obtained and this composition 
hardened in about 9 minutes to produce a hardening material having a high strength. 
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COMPARATIVE EXAMPLE 3 

The same procedures as in Example 21 were repeated except that chitosan was not added to the 
hardening solution. The composition obtained was not plastic and had a deteriorated formability although 
the composition hardened in about 2 minutes. " 

In accordance with the present invention a-tricalcium phosphate and/or tetracalcium phosphate is used 
as a powder and mixed with a hardening solution which is an aqueous acidic solution having a polysaccha- 
ride dissolved therein. The resulting composition is highly plastic and can be readily formed into a desired 
shape before hardening. The hardening reaction which occurs is mild and it proceeds at a moderate rate 
and uniformly to produce a hardening material having a high strength and which yet will not harm body 
tissues. 

If a mixture of a-tricalcium phosphate and tetracalcium phosphate is to be used as a powder 
component, it can be readily prepared by calcining a hydroxyapatite with a molar ratio of Ca/P of more than 

25 1.5 and about 1.8 or less at a temperature of about from 1,150* C to 1,450 C under reduced pressure. In 
this preferred embodiment, an aqueous acidic solution containing not only a polysaccharide but also at least 
one of glycerin, a monosaccharide, an oligosaccharide and a sugaralcohol may be used as a hardening 
solution. This offers further advantage of allowing the hardening reaction to proceed more uniformly to a 
fuller extent at a moderate and mild rate, thereby producing a hardening material having a high strength and 

so which yet will not harm body tissues. 

Therefore, the present invention provides a composition which is useful as a medical or dental cement 
material or a bone prosthetic material and which, immediately before use, is rendered sufficiently plastic by 
mixing the powder and the hardening solution to replace missing parts of a bone or tooth, and is 
subsequently hardened. In addition, the present invention provides a hardened biomaterial of a desired 

35 shape such as a hardening materia! in block form, an artificial bone or dental root. 

While the invention has been described in detail and with reference to specific examples thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



40 



Claims 



1. A composition for forming a calcium phosphate type hardening material comprising (1) powder 
comprising at least one of o-tricalcium phosphate and tetracalcium phosphate. (2) an acidic aqueous 

45 solution, and (3) a polysaccharide. 

2. A composition as claimed in claim 1. wherein said polysaccharide is dissolved in said acidic aqueous 

solution. 

3. A composition as claimed in claim 1, wherein said acidic aqueous solution is an aqueous solution of 
an inorganic acid or an organic acid. 

so 4. A composition as claimed in claim 3. wherein said organic acid is selected from the group consisting 
of acetic acid, lactic acid, citric acid, malic acid, malonic acid, succinic acid, glutaric acid, tartaric acid, and 
polyacrylic acid. 

5. A composition as claimed in claim 1, wherein the acid concentration of said acidic aqueous solution 
is about 25 wt% or more. 

55 6. A composition as claimed in claim 4, wherein the acid concentration of said acidic aqueous solution 
is from about 25 to 55 wt%. 
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7 A composition as claimed in claim 6, wherein said acidic aqueous solution is selected from the group 
consisting of a citric acid solution having an acid concentration of about 40 wt%. a malic acid solution 
having an acid concentration of about 40 wt%. a phosphoric acid solution having an acid concentration of 
about 40 wt%, and a polyacrylic acid solution having an acid concentration of about 25 wt%. 

8 A composition as claimed in claim 1. wherein said polysaccharide is chitosan. 

9. A composition as claimed in claim 2, wherein the concentration of said polysaccharide in said 
aqueous solution is about 0.05 wt% or more. 

10. A composition as claimed in claim 1, wherein the ratio of said powder to said acidic aqueous 
solution is from about 0.4 to 2.7 by weight. 

11. A composition as claimed in claim 10, wherein the ratio of said powder to said acidic aqueous 
solution is from about 0.4 to 2.0 by weight. 

12. A composition as claimed in claim 1, wherein said powder is a mixture of a-tricalcium phosphate 

and tetracaicium phosphate. 

13 A composition as claimed in claim 12, wherein said powder is produced by the step of calcining, at 
a temperature of from about 1.150* C to 1,450* C under reduced pressure, a hydroxyapatite having a molar 
ratio of Ca/P of about 1 .8 or less and more than 1 .5. 

14. A composition as claimed in claim 13, wherein said acidic aqueous solution is an aqueous solution 
of citric acid containing at least one of a monosaccharide, an oligosasccharide, and a sugaraicohol; and said 
polysaccharide is chitosan. 

15. A composition as claimed in claim 13, wherein said hydroxyapatite has a molar ratio of Ca/P of from 

about 1.6 to 1.8. 

16. A composition as claimed in claim 13. wherein said hydroxyapatite is calcined under a pressure of 
about 10 Pa or less. 

17. A composition as claimed in claim 16, wherein said hydroxyapatite is calcined under a pressure of 

25 about 10~ 2 Pa or less. 

18. A composition as claimed in claim 1. wherein said acidic aqueous solution contains at least one of 
glycerin, a monosaccharide, an oligosaccharide, and a sugaraicohol. 

19. A composition as claimed in claim 18. wherein the concentration of said at least one of glycerin, a 
monosaccharide, an oligosaccaride, and a sugaraicohol in said acidic aqueous solution is about 40 wt% or 

30 less. . , 

20. A composition as claimed in claim 19. wherein the concentration of said at least one of glycerin, a 
monosaccharide, an oligosaccaride, and a sugaraicohol in said acidic aqueous solution is about from 5 to 

40wt%. e , 

21. A composition as claimed in claim 20. wherein the concentration of said at least one of glycerin, a 
monosaccharide, an oligosaccaride. and a sugaraicohol in said acidic aqueous solution is about from 10 to 

30wt%. , , 

22. A process for producing a calcium phosphate type hardening material comprising the step of mixing 
(1) powder comprising at least one of a-tricalcium phosphate and tetracaicium phosphate and (2) an acidic 
aqueous solution containing a polysaccharide dissolved therein. 

23. A process for producing a calcium phosphate type powder comprising the step of calcining, at a 
temperature of from about 1,150*C to 1.450* C under reduced pressure, a hydroxyapatite having a molar 
ratio of Ca/P of about 1.8 or less and more than 1.5 so as to produce a mixture of a-tricalcium phosphate 
and tetracaicium phosphate. 
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